As tick resistance to conventional acaricides becomes more common, alternative control tactics are gaining attention. Insecticidal dusts CimeXa and Surround, based on silica gel and kaolin, respectively, were assessed against Amblyomma americanum (L.) (Ixodida: Ixodidae) eggs, larvae, and nymphs in the laboratory. Coverage by the dry dusts, particularly CimeXa, was strongly lethal to larvae and to a lesser extent to nymphs. Larval mortality was also high when larvae crawled across thin layers of CimeXa and, to a lesser extent, Surround dusts. CimeXa was more lethal to nymphs that crawled across a thin layer than Surround. Larval mortality after crawling on dried aqueous suspensions of the dusts for 30 min and for 48 h caused moderate mortality (<80%) regardless of a 10-fold difference in concentration; nymphal mortality was negligible. In a field experiment, CimeXa dust strongly reduced numbers of Gulf coast tick, Amblyomma maculatum (Koch) (Ixodida: Ixodidae), larvae and nymphs by 24 h. Possible application of CimeXa to control other species of ixodid ticks is discussed as well as advantages and disadvantages of using dusts for tick control under field conditions.
Tick control mainly relies on conventional acaricides but resistance has become problematic (George et al. 2004 , Willadsen 2006 , Abbas et al. 2014 . Control tactics against ticks of deer include treatment with acaricides (Solberg et al. 2003) , limiting vegetative undergrowth (Allan et al. 2010) , and elimination of deer in areas of particular concern (Bloemer et al. 1990, Holderman and . Protection of humans against A. americanum involves application of repellents to clothing. Some insecticidal dusts have adverse effects against arthropods without the addition of conventional chemical insecticides. CimeXa, a silica gel-based commercial formulation, destroys the waxy cuticle of arthropods, resulting in dehydration (Akhtar and Isman 2013, Goddard and Mascheck 2015) . The product was reported to be as lethal to bed bugs, Cimex lectularius (L.) (Hemiptera: Cimicidae), as commercial deltamethrin-and permethrin-based formulations (Donahue et al. 2015) , and diatomaceous earth mixed with dinotefuran (Goddard and Mascheck 2015) . Anderson and Cowles (2012) concluded that dust-based desiccant products are superior to sprayable pyrethroid products for cimicid control.
Kaolin is a white, porous, nonswelling, fine grained platy aluminosilicate mineral that has shown a range of actions and effects against arthropods. The grains of kaolin, by adhering to an arthropod's integument, occlude normal motion of legs and other movable appendages that can severely impede mobility, and, unlike CimeXa, kaolin can abrade the cuticle which leads to desiccation (Glenn et al. 1999 . When ingested, kaolin was shown to kill lepidopteran larvae by occlusion of the gut (Showler 2003) . Sprayed on foliage, kaolin, which is white, can affect plant canopy temperatures sufficiently to favor aphid populations (Showler and Armstrong 2007) while deterring other insects by altering visual and tactile cues (Showler 2002) . The purpose of the current study was to determine the acute lethal effects of two dust-based pesticides, CimeXa and Surround, on A. americanum larvae and nymphs in the laboratory, and of CimeXa on natural infestations of A. maculatum on the South Texas coastal plains.
Materials and Methods

A. americanum
All of the laboratory experiments were performed at the USDA-ARS Knipling-Bushland United States Livestock Insects Research Laboratory (KBUSLIRL) in Kerrville, Kerr County, Texas. A. americanum used in the experiments were obtained from the 11th and 12th generation of a closed colony originating from wild-caught (August 2006) ticks maintained at KBUSLIRL. Female A. americanum were fed on living cows, Bos taurus L. (Artiodactyla: Bovidae). Bioassays involved eggs, larvae, and nymphs (USDA-ARS 2012).
Dust Formulations
CimeXa (Rockwell Labs, Kansas City, MO) is comprised of 92.1% silica gel with a particle size estimated at ≈1-50 µm. The kaolin was formulated as Surround wettable powder (WP) (Engelhard, Iselin, NJ) processed to a bright white color, ≤2 µm particle diameter and coated with a proprietary synthetic hydrocarbon to impart a hydrophilic quality (Eigenbrode et al. 2006 ).
Contact With Eggs
Five-to 10-d-old A. americanum egg masses (each ≈1 cm 3 ) were placed in 15-ml open-ended glass vials and then sprayed using a plastic spray bottle (Sprayco, Livonia, MI) with 2 ml of one of the following aqueous concentrations: 0.005, 0.01, 0.025, and 0.1 mg/ ml. Each treatment was replicated six times, and six egg masses were nontreated controls. The vials were kept at 27°C, ≈85% RH. After 40 d percent hatch was visually estimated using a dissecting microscope.
Immersion in Dry Dust Formulations
Fourteen to 24 larval or 15-22 nymphal A. americanum larvae were transferred from 15-ml open-ended glass vials to 15-cm diam Petri dishes using a #5 1.6-cm camel hair paint brush (Charles Leonard, Glendale, NY). Each dish containing 15 ml of dry CimeXa or Surround, and the ticks, was gently shaken manually 10 times. Nontreated larvae and nymphs were used as controls. Six replicates of each treatment were used in the bioassay. Dead larvae and nymphs were counted after 1, 2, 4, 6, and 24 h, and the condition of living ticks were recorded. Larvae and nymphs with impaired movement were determined by observing their ability to crawl without observable impediment, such as being on their backs or appendages were obstructed by CimeXa and Surround particles.
Contact by Crawling Across Dry Dust-Treated Surface
A 12.5-cm diam Whatman filter paper disc (GE Healthcare, Little Chalfont, Buckinghamshire, England) was placed in a 15-cm-diam Petri dish with 1 g of CimeXa or Surround and manually shaken for 20 s. The filter paper was removed with forceps and placed in the center of a clean 15-cm-diam Petri dish. Eight to 13 larval or 8-11 nymphal A. americanum were released at the center of the filter paper and the dish was covered with a lid. Six replicates were used for each treatment. Once the larvae and nymphs crawled off of the treated filter paper, they were transferred using a paint brush to a clean Petri dish for observation. Nonexposed larvae and nymphs were used as controls. Mortality was recorded after 1, 2, 4, 6, 24, and 48 h, and the condition of living ticks noted.
Contact by Exposure to Dried Aqueous Suspension
Aqueous suspensions of 0.1 mg of CimeXa or Surround were made in 10 ml of water. The suspensions were poured into a 15-cm-diameter Petri dish such that the bottom of the dish was covered with 1.5 ml of the aqueous suspension and the dish was allowed to dry completely at room temperature. Six to 15 larval A. americanum were released at the center of each dish to crawl on the dried suspension for 30 min, after which the larvae were transferred to a clean Petri dish using a #5 paint brush. Six replicates were used in the bioassay. In a separate bioassay, the same procedure was followed using 0.01 mg dust/10 ml and 0.025 mg dust/10 ml for aqueous solutions of CimeXa and Surround. Nonexposed larvae and nymphs were used as controls. Each treatment was replicated six times. Mortality was recorded at 1, 2, 4, 6, 24, and 48 h and the condition of living ticks was noted. A separate bioassay was conducted in the same way, but the larvae were not removed from the dried suspension substrate for the duration of the 48-h-long experiment. Both bioassays were repeated separately using 6-14 nymphs.
Field Assessment Using CimeXa
A small area of Gulf coast cordgrass, Spartina spartinae (Trin.) (Poales: Poaceae) Merr. ex Hitchc., was found (detected by local hunters) to be infested with substantial populations of Gulf coast tick, Amblyomma maculatum Koch (Ixodida: Ixodidae), larvae and nymphs situated in a larger expanse of cordgrass frequented by small vertebrate tick hosts, as well as the ungulates, white-tailed deer and feral nilgai antelope, Boselaphus tragocamelus Pallas (Artiodactyla: Bovidae). Cordgrass grows in sizable discrete clumps, usually ≈102 cm diam and 76 cm tall. On 27 February 2018 at 1000-1200 h, 14 cordgrass plants were identified as being infested by dragging a 48-cm wide × 100 cm long flag constructed of white 100% cotton flannel (Fabric.com, Kennesaw, GA) attached to a 1.4-m-long wooden handle once across each of 30 plants to determine which plants harbored ticks. Ten of the 30 plants were selected for the experiment. Numbers of ticks, and their life stages, were recorded for each of the 10 plants. The ticks on the flags were immediately returned to the plant from which they were collected as soon as the plant was sampled. Within 20 min of establishing that each of the selected cordgrass plants were infested, a hand-held Dustin-Mizer (Earthduster, Fayetteville, AR) was used to apply 22.7 ± 1.3 g (n = 3, 60 full manual cranks of the applicator's handle) of dry CimeXa dust into the canopy of five of the plants. The other five plants were nontreated controls. After 24 and 48 h, a flag was dragged once over each plant and the ticks were counted; flags that had been used on a treated cordgrass plant were not reused for sampling. Temperature, RH, and wind speed were measured on each day of the 3-d experiment at 1100 h using an MS6508 digital temperature-humidity meter (Peakmeter, Shenzhen, Guangdong, China). No rain occurred during the experiment.
Statistical Analysis
Percentage data were arcsine-square root-transformed before analysis. One-way ANOVA was used to detect treatment differences for each of the laboratory bioassays and means were separated with Tukey's Honest Significant Difference (HSD) (Analytical Software 2008). Numbers of ticks in the field experiment were analyzed using the twosample t test (Analytical Software 2008). Because normality and homogeneity of variance assumptions were not violated, data were not log(x + 1)-transformed.
Results
Contact With Eggs
Percentage egg hatch in the treatments did not differ from that of the controls. Egg hatch was ≈85% in the control and in each of the treatments; however, one egg mass in the control and in two Surround and two CimeXa treatments failed to produce any larvae and these were regarded as outliers and were excluded from statistical analysis (it is typical that some egg masses do not hatch). The two aqueous suspensions did not affect egg hatch even at the high concentration.
Immersion in Dry Dust Formulations
One-way ANOVA detected significant differences (F = 92.47, df = 29, 179, P < 0.0001). At the first two sampling times for larval ticks, CimeXa did not result in greater mortality than was observed in the control, but at 4, 6, and 24 h, there were 20.4-, 51.9-, and 12.5-fold more dead larvae, respectively, than in the control (Fig. 1 ). Surround did not kill larval A. americanum in greater numbers than in the control until 6 and 24 h when mortality was 19.4-and 8.9-fold greater (Fig. 1) . Nymphal A. americanum were not affected by CimeXa until 6 h when approximately one fifth of the nymphs died, and at 24 h when almost all of the ticks were killed (Fig. 1 ). Surround did not kill nymphs until the 24 h sampling time, but mortality remained relatively low (Fig. 1) . Dead larvae and nymphs were flat and shriveled in this, and in each of the other bioassays of this study.
In the CimeXa and the Surround treatments, larval movement was impeded with some of the larvae on their backs by 1 h. The ticks did not recover at any time during the bioassay. Mobility of all of the nymphs was impaired by CimeXa and Surround by 4 h.
Contact by Crawling Across Treated Surface
One-way ANOVA detected differences (F = 68.00, df = 35, 215, P < 0.0001). At the first three sampling times, CimeXa did not induce greater mortality than in the control, but by 6, 24, and 48 h, 10-, 6.6-, and 4.3-fold, respectively, more larvae died than in the control (Fig. 2) . Surround also did not kill larvae in greater quantities than in the control at the first three sampling times, but mortality increased over the control by 7-, 5.5-, and 4-fold at 6, 24, and 48 h, respectively (Fig. 2) . All of the nymphs survived in the control for the duration of the bioassay. The CimeXa and Surround treatments did not result in greater morality than the control until the 24 h sampling time when 2.4-fold more nymphs were killed by CimeXa than by Surround, and at 48 h, 1.6-fold more nymphs were killed by CimeXa (Fig. 2 ).
Larvae and nymphs in the CimeXa treatment were more sluggish than those in the Surround treatment by 2 h. Impaired movement did not improve during the bioassay, becoming worse at the later sampling times until it reached nearly 100% of those that remained alive at 48 h. 
Contact by Exposure to Dried Aqueous Suspension
One-way ANOVA detected significant differences in larval mortality (F = 13.97, df = 35, 215, P < 0.0001). At the low concentration of CimeXa, mortality exceeded that of the control at the 24 and 48 h sampling times by 20.4-and 6.6-fold, respectively, and at the high concentration by 27.7-and 32.6-fold, respectively ( Fig. 3) . Mortality in the low concentration Surround treatment surpassed the control by 40-and 12.2-fold at 24 and 48 h, respectively, and by 31.6-and 39.9-fold at the high concentration, respectively (Fig. 3) . Impairment to larval mobility was evident in most of the larvae by 24 h in both dried aqueous suspension bioassays. In the bioassay where 0.01 mg/10 ml and 0.025 mg/10 ml of the dusts in water were used, mortality did not differ from that of the control, excluding CimeXa at the 0.025 mg/10 ml concentration by 48 h which killed only 17.4% of the larvae (F = 3.06, df = 24, 149, P < 0.0001).
Differences in larval mortality were detected (F = 8.39, df = 35, 215, P < 0.0001). At the low concentration, CimeXa killed 3.5-and 3.6-fold more larvae at 24 and 48 h, respectively, than died in the control, and the high concentration killed 6.2-and 5.1-fold more larvae (Fig. 4) . The low concentration of Surround killed 2-fold more larvae at both the 24 and 48 h sampling times, and the high concentration killed 5.3-, 7.8-, and 5.7-fold more larvae at 6, 24, and 48 h, respectively (Fig. 4 ).
Field Assessment Using CimeXa
Ambient air temperature, RH, and wind speed values show that CimeXa application occurred under windy conditions: 24.8°C, 73.6%, 18 kph with gusts of up to 23 kph. The wind continued through the following day but declined to more moderate levels by the last day of the experiment (Table 1 ). The baseline tick count for the 10 S. spartinae plants was 32.0 larvae/flag sample, 3.4 nymphs, and 35.4 total ticks. Larvae were reduced by 94.1% (t = 7.00, df = 1, 8, P = 0.0001) and 95.3% (t = 4.40, df = 1, 8, P = 0.0005) compared with the controls 24 and 48 h, respectively, after the treatment plants were dusted with CimeXa (Table 1) . Nymphs were reduced by 100% at both sampling times (because no nymphs were found on the CimeXa-treated plants, t values could not be calculated, but we assume that the effect of CimeXa on nymphs was statistically significant, and total ticks were reduced by 95.1% (t = 11.71, df = 1, 8, P < 0.0001) and 95.8% (t = 5.85, df = 1, 8, P = 0.0004) at each respective post-treatment sampling time (Table 1 ).
Discussion
Although inert kaolin-based formulations (without added insecticides) can have a range of activities that will impair, disorient, kill (Glenn et al. 1999; Puterka et al. 2000; Showler 2002 Showler , 2003 Showler and Setamou 2003) , and even benefit arthropod pests (Showler and Armstrong 2007) , few studies have been conducted on the effects of kaolin against veterinary and medical pests. Most research on the effects of kaolin dusts involved suppression of insect pests and damage in orchard and row crops (Knight et al. 2000; Puterka et al. 2000; Showler 2002 Showler , 2003 Lapointe et al. 2006; Peng et al. 2011) .
Silicon has mostly received use in agriculture as soil amendments to strengthen cell walls of plants, increasing resistance to crop pests (Ukwungwu and Odebiyi 1985; Meyer 2002, 2003; Laing et al. 2006 ). More direct applications of silica-based materials for insect control have been against medical and veterinary pests such as bed bugs (Donahue et al. 2015) ; the North American malaria mosquito, Anopheles quadrimaculatus Say (Diptera: Culicidae), the southern house mosquito, Culex quinquefasciatus Say (Diptera: Culicidae), and the yellow fever mosquito, Aedes aegypti (L.) (Diptera: Culicadae) (Micks 1960) ; horn flies, Haematobia irritans irritans (L.) (Diptera: Muscidae) (Dorsey et al. 1966) ; the poultry red mite, Dermanyssus gallinae (De Geer) (Mesostigmata: Dermanyssidae) (Schulz et al. 2014) ; the tropical rat mite, Ornithonyssus bacoti (Hirst) (Mesostigmata: Macronyssidae) (Ebeling 1960) ; and deer tick, Ixodes scapularis Say (Ixodida: Ixodidae), nymphs (Allan and Patrican 1994) , all of which were effective by causing desiccation.
The two dusts applied as aqueous suspensions in our study did not desiccate A. americanum eggs or affect the eclosion of larvae. Because eggs are deposited in soil debris and in crevices, we did not test the dust applied dry against eggs and, based on our results, it is unlikely that either product will be useful as ovicides even if they were ovicidal. However, our study demonstrated that complete coverage of A. americanum larvae and nymphs by CimeXa interfered with mobility that can impede or curtail questing, preventing attachment to and blood feeding on hosts. The relatively quick and eventually complete kill associated with CimeXa against larvae and nymphs indicated that it was superior to Surround, which was comparatively less effective in terms of the time of action and the extent Fig. 3 . Mean (±SE) percentage mortality of A. americanum larvae that had crawled on surface of dried aqueous suspensions of CimeXa and Surround dusts (data pooled across the 0.1 mg/10 ml water and 1.0 mg/10 ml water concentrations) for 30 min before being transferred to a nontreated surface and then sampled at 1, 2, 4, 6, 24, and 48 h post-treatment; different letters indicate significant differences (P < 0.05), Tukey's HSD, six replicates. Fig. 4 . Mean (±SE) percentage mortality of A. americanum larvae that had crawled on surface of dried aqueous suspensions of CimeXa and Surround dusts (data pooled across the 0.1 mg/10 ml water and 1.0 mg/10 ml water concentrations) for the 48-h-long bioassay, and then sampled at 1, 2, 4, 6, 24, and 48 h post-treatment; different letters indicate significant differences (P < 0.05), Tukey's HSD, six replicates. of mortality. Because the bioassays were conducted in the laboratory at room temperature, we anticipate that in warmer natural habitats desiccation will be accelerated.
Larvae were more susceptible to the lethal effects of complete coverage by the dusts than nymphs likely because the larvae's smaller size and greater surface area for water loss to occur relative to small body volume. This makes the dusts, especially CimeXa, potentially useful for control of one-host ixodid ticks (only in the ambient environment as larvae), such as the southern cattle fever tick, Rhipicephalus (Boophilus) microplus (Canestrini) (Ixodida: Ixodidae), and the cattle fever tick, R. annulatus (Say), the economically important vectors of Babesia bova and B. bigemina on cattle.
Unless ticks are themselves directly dusted with CimeXa or Surround, the most likely means of exposure to the dusts will be when ticks crawl on treated surfaces, such as the soil and particularly the vegetation where questing occurs. One of our bioassays showed that temporary exposure to a treated surface was sufficient to induce nearly complete larval mortality within 24 h of exposure. Surround was as efficacious against larvae as CimeXa for the 48-h duration of the bioassay. Nymphs were nearly as vulnerable to CimeXa as larvae for most of the bioassay, including the 48 h sampling time. We conclude that temporary exposure to CimeXa on treated surfaces was as effective as complete coverage of larvae and nymphs, and that the same was true for Surround on larvae but not on nymphs. Similarly a silica aerogel product, Dri-Die, used against I. scapularis was more lethal to larvae than to nymphs (Allan and Patrican 1994) . Our results indicated that CimeXa and Surround were comparably lethal to A. americanum larvae and that proactive treatment of vegetation as a dry dust was a potentially effective control tactic. Short (30 min) and longer (48 h) exposures of A. americanum larvae to a dried aqueous suspension of the two dusts on a surface were not as effective as aqueous suspension applied directly to the larvae. The relatively short and longer exposures to the dried suspensions were less efficacious than exposure to the dusts that were not previously mixed with water. Also, unlike the use of nonaqueous applications, Surround was more lethal (30 min exposure), or as lethal (48 h exposure), to A. americanum larvae than CimeXa, possibly because Surround was a wettable powder specifically designed for applications as a suspension. The wettable powder formulation of hydrophilic particles likely facilitated a more homogenous distribution of Surround particles in suspension than CimeXa which was not formulated for spray application. CimeXa might, as a consequence, be more apt to clump in suspension and after application, making it less available for adherence to passing tick larvae. The nearly equal efficacy of the two suspension concentrations, one 10 times greater than the other, indicates that particle adherence to larvae was not reduced and lethality was not reduced even at the low concentration. Although mortality from short (30 min) and longer (48 h) exposure to the dried aqueous suspension induced substantial larval mortality by the end of the 48-h-long bioassays, application as dry dusts appeared to be the better tactic. When applied as an aqueous solution and dried, the two dusts were ineffective against nymphs. Nymphal tolerance to the dusts was likely because adherence of particles to their bodies was insufficient relative to their body size to seriously impede mobility and to kill by desiccation.
The field component of our study demonstrated that CimeXa was effective at reducing the numbers of questing A. maculatum larvae and nymphs on S. spartinae under natural conditions. We were unable to determine whether the suppression was the result of desiccation or impaired ability to climb the S. spartinae leaves to quest, or both. Based upon CimeXa's mode of action against arthropods and the effects observed in the laboratory against A. americanum, it appeared most likely that the suppression was caused by lethal desiccation. The pronounced suppression of questing ticks occurred within 24 h of the treatment applications, and the numbers collected on the flags remained low for 48 h and possibly longer. The observed efficacy of CimeXa despite relatively high and gusty winds during its application and into the next day indicated that its acaricidal effect was not strongly debilitated because of the wind. Further, the dust did not cause the S. spartinae plants to appear white; instead, the green color of the living leaf tissue was slightly dulled by the application but the change was negligible to the casual observer.
The substantial immobilization of A. americanum larvae and nymphs was relatively rapid, and occurred within 1-2 h, particularly in the bioassays where the treatments were not applied to substrates as aqueous suspensions. For ixodid ticks like A. americanum, disruption of questing behavior is as important for their control as inducing mortality. Ticks that are impeded by adhesion of particles, and those that are debilitated by desiccation, will be unable to climb vegetation to a height suitable for successful questing, hence, the ticks will not be positioned to access hosts, preventing feeding, pathogen transmission, and reproduction.
Dusts, often referred to as particle films when applied to vegetation, offer several advantages that, in combination, are relatively unique compared to conventional pesticides. First, development of resistance to particle films has only been reported to occur in bed bugs as a result of thickened cuticle (Lilly et al. 2016a,b) , otherwise particle films are unlikely to elicit resistance mainly because of the intermittent and likely patchy applications that would be used to control ticks in natural habitats (the effects of particle film application directly on cattle for tick control are not yet known). Because some pesticide dusts are organically certified, they can be used to control ticks in organic livestock production systems as well as in protected habitats such as wildlife refuges and parks (including national and state park systems) where synthetic chemical pesticides are undesirable. Such dusts do not expose humans, pets, livestock, There are, however, potential disadvantages to using CimeXa and Surround in natural habitats. When sprayed and used as dusts, they leave a white particle film on substrates, including plants which, in protected habitats such as wildlife refuges and parks, might be considered as being visually undesirable. Also, because Surround has been applied in crop systems, it is known to suppress some, but not all, nontarget arthropod populations (Showler and Setamou 2003) including predators such as the green lacewing, Chrysoperla carnea (Stephens) (Neuroptera: Chrysopidae) (Bengochea et al. 2014 ), earwigs, predatory mites, ladybird beetles (Marko et al. 2006) , and spiders (Marko et al. 2006 , Benhadi-Marin et al. 2016 ). Surround has also been reported to wash off plants during rains (Showler 2002) , a characteristic shared by many other kinds of pesticides, but some particle film residue typically remains that might continue to negatively affect target arthropods such as ticks. Wind can also remove particles adhering to plant surfaces (Showler 2002) , although a visible residue can remain for weeks in windy areas. In addition, Surround application to cotton can increase cotton aphid, Aphis gossypii Glover (Hemiptera: Aphididae), populations by maintaining a favorably cool inner canopy temperature (Showler and Armstrong 2007) .
The general theory for the mode of action of inert dusts on arthropods is that they destroy the protective wax layer of the cuticle (Ebeling and Wagner 1959; Ebeling 1961 Ebeling , 1971 Ebeling , 1995 . Ixodid ticks are arthropods that possess a superficial hydrophobic wax (lipid) layer as the outermost component of their epicuticle (Lees 1947 , Cherry 1969 , Ebeling 1971 , Hackman 1982 , Kaufam 2014 . Suitable disruption of this water barrier will result in rapid desiccation because of their small body size resulting in a large evaporative surface area per unit of volume. CimeXa desiccated ticks more rapidly than Surround WP in our study because of differences in the physicochemistry and the ability to disrupt the epicuticular wax layer. CimeXa, a finely divided silica aerogel powder, rapidly adsorbs the tick's wax layer into a voluminous matrix of pores present in the finely divided particles. Surround WP, a kaolin clay powder treated with surfactants to facilitate its suspension in water, is a coarser grain silicate that does not possess pores of suitable volume to efficiently adsorb the epicuticular surface waxes. Kaolin clay as a slightly abrasive material presumed to cause desiccation by abrading the cuticle thereby causing a relatively slower disruption of the waterproof layer resulting in less rapid desiccation (Wigglesworth 1945 , Ebeling 1971 ). The surface area and the pore volume of kaolin can, however, be greatly changed with hot acid treatment activating with the removal of Al 3+ ions and thus enhancing its lipophilic properties resulting in faster arthropod mortality (Ebeling 1971, Permual and Le Patourel 1992) .
Our study demonstrated that the two dusts, particularly CimeXa, were acaricidal against A. americanum larvae and nymphs. CimeXa effectively suppressed larval and nymphal populations of A. maculatum under natural conditions on the South Texas coastal plains. In terms of one-host ixodid tick species such as R. microplus and R. annulatus, the larval stage is the only state that is encountered off of the host and before transmission of pathogens can occur. Preliminary results (unpublished data, ATS) indicated that dusts were also effective against cattle fever tick, Rhipicephalus sp., larvae. The dusts are a relatively nontoxic and environmentally stable alternative to conventional acaricides that might be a potent tool for ixodid tick control.
